Hypoxia-ischemia (HI) in the neonate leads to white matter injury and subsequently cerebral palsy. We find that expression of bone morphogenetic protein 4 (BMP4) increases in the neonatal mouse brain after unilateral common carotid artery ligation followed by hypoxia. Since signaling by the BMP family of factors is a potent inhibitor of oligodendroglial differentiation, we tested the hypothesis that antagonism of BMP signaling would prevent loss of oligodendroglia (OL) and white matter in a mouse model of perinatal HI. Perinatal HI was induced in transgenic mice in which the BMP antagonist noggin is overexpressed during oligodendrogenesis (pNSE-Noggin). Following perinatal HI, pNSE-Noggin mice had more oligodendroglial progenitor cells (OPCs) and more mature OL compared to wild type (WT) animals. The increase in OPC numbers did not result from proliferation but rather from increased differentiation from precursor cells. Immunofluorescence studies showed preservation of white matter in lesioned pNSE-Noggin mice compared to lesioned WT animals. Further, following perinatal HI, the pNSE-Noggin mice were protected from gait deficits. Together these findings indicate that the BMP-inhibitor noggin protects from HI-induced loss of oligodendroglial lineage cells and white matter as well as loss of motor function.
Introduction
Perinatal hypoxic-ischemic brain injury (HI) is an important mechanism in the development of white matter injury (WMI) in preterm newborns (Volpe, 2001) . The clinical correlate of WMI is cerebral palsy, a non-progressive spastic disorder of motor control (Johnston and Hoon, 2006) . Cerebral palsy affects more than half of preterm babies weighing b1500 g at birth (Volpe, 2001) , and larger late preterm neonates are also at increased risk for cerebral palsy (Winter et al., 2002) . There are currently no medical therapies to prevent or treat WMI.
The persistence of neural stem/progenitor cells (NSPC) within postnatal brain, including postnatal human brain, makes them attractive as potential replacement cells for regenerating damaged white matter. During development NSPCs migrate from the subventricular zone (SVZ) to cortex and subcortical areas (Menn et al., 2006) where they may either differentiate into oligodendroglia or reside as uncommitted progenitors within the cortex (Dawson et al., 2003) . Migration of oligodendrocyte progenitor cells (OPCs) from the SVZ to injured areas is not significantly upregulated following postnatal HI in the wild-type mouse (Dizon et al. 2010) , although migration of OPCs from the SVZ is upregulated following BMP antagonism in the context of a demyelination injury (Jablonska et al., 2010) . Thus, the most relevant NSPCs for potentially contributing to an endogenous white matter reparative response following HI are likely those that reside locally near the site of injury. We therefore sought to test whether these NSPCs could be induced to commit to an oligodendroglial fate thereby protecting white matter from HI injury.
Bone morphogenetic proteins (BMPs), a subclass of the transforming growth factor beta (TGFβ) superfamily, are present in the brain throughout development. BMP4 is one of two major family members expressed within the cortex, and transcripts for BMP4 are preferentially localized to bipotent oligodendroglial-astroglial progenitors. During mouse development, BMP4 expression peaks in all brain regions at postnatal day 4 (Mehler et al., 1997) . BMP signaling negatively regulates an oligodendroglial fate choice by both multipotential and bipotential neural progenitor cells (Mabie et al., 1997) . Conversely, downregulation of BMP signaling by the BMP antagonist noggin, which binds BMP4 with high affinity (Mehler et al., 1997; Zimmerman et al., 1996) , increases oligodendroglial lineage commitment by cultured neural progenitor cells (Gross et al., 1996; Mabie et al., 1999 Mabie et al., , 1997 
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